REPLY: B. Winkler questions the validity of some of our conclusions in relation to a mutant model of retinitis pigmentosa (Proline-23-Histidine rat) published in a recent issue (1). He bases his objections on three issues: 1) Lactate dehydrogenase activity in the P23H does not appear to be elevated during the early critical stages "of the 8 days that were sampled between P1 and P21, there were only small (Ͻ5%), statistically insignificant differences in LDH activity between SD and mutant retinas". 2) Calculating the total ATP content appears to be greatly elevated. 3) ATP location within the vertebrate retina suggests altered ATP levels may be irrelevant.
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We have addressed the three issues below. There is no change in our conclusions that LDH activity and ATP content are both elevated early in development of the P23H rat retina, as is Na
Are LDH Levels Significantly Elevated in the P23H Rat Retina?
LDH activity is a signature of the metabolic status of the photoreceptors, particularly after degeneration (1, 4) . We have previously shown that in the mouse model of retinitis pigmentosa (rd/rd or rd1 mouse), there is a significant increase in LDH activity during the early critical ages (1) followed by a decrease when many photoreceptors have degenerated: similar to what occurs in the P23H rat. It is not clear how Winkler concluded that there are "statistically insignificant differences in LDH activity between SD and mutant retina", when no statistical tests were cited for such a statement.
ANOVA is a parametric test that analyzes the mean across groups reducing the chances of committing a type I error. The averaged percentage change across ages is small but significant (P1 ϭ 8%, P4 ϭ Ϫ3%, P6 ϭ 2%, P10 ϭ 18%, P12 ϭ 3%, P15 ϭ 4%, P17 ϭ 13%, P21 ϭ 22%). Statistical analysis using two-way ANOVA showed that LDH activity between P1 and P21 was significantly higher in the P23H-3 than in SD retinas (P Ͻ 0.01) (2) .
We have now also applied a nonparametric binomial test. The binomial test does not take into account the strength of the changes but calculate the probability that the increase-decrease is due to chance (probability 0.5). Across P1-P21 ages we observed that in 38 of 49 trials, LDH levels were increased in the P23H retina when compared with the SD retina. The two-tail P value is 0.0001. We reject the null hypothesis that LDH levels are equal in the two populations.
Total Retinal ATP Content Appears to be Greatly Elevated
In referring to the concentration of ATP in the retina, Winkler applies the correct analysis but assumes that our data can be directly transformed. We express our values in millimoles per gram protein secondary to perchloric acid extraction (perchloric acid precipitates protein). Consequently, the total ATP content using the protein values in our Fig. 2A (2) would be significantly elevated.
An alternative way of plotting the data would be beneficial for comparison with previously published work. Total protein content for SD versus P23H did not significantly differ (at any ages; ANOVA P Ͼ 0.1) allowing us to estimate total ATP and phosphocreatine content per retina (Fig. 1) . Analysis of the mean across groups using ANOVA outlines a significant difference (P Ͻ 0.03) for the ATP content between SD and P23H. However, phosphocreatine content among the groups is not significant (P ϭ 0.1). We reinforce the conclusion that ATP content in the P23H retina is, on average, significantly increased and replotting the data expressing ATP content per retina is comparable to previous studies published by Winkler.
ATP Location Within the Vertebrate Retina Suggests Altered ATP Levels May be Irrelevant
The monkey retina with a dual retinal blood supply and its mixed rod/cone distribution is therefore the most appropriate to compare with the rat retina. The studies of Berger et al. (3) in monkey retina show that ATP in photoreceptors (IS, OS, ONL) is 22.5% of the 98 mmol ATP/kg dry tissue found in the retina. It is unlikely that any changes in ATP content are due to metabolic difference in inner retina, as no changes in inner retina activity is seen in the P23H-3 rat until P380 (5). In fact, the recovery of a-wave and the outer segment structure by managing ambient light suggests that modulation of the photoreceptor activity and the structure is implicated in the P23H retinal degeneration (6) .
Our method does not differentiate intracellular ATP from extracellular ATP but it is expected that the levels correspond to the internal ATP because of the ectoATPases present throughout the retina (7, 9) . Nevertheless, if ATP is increased because of extracellular release, Puthussery and Fletcher (8) demonstrated that exogenous ATP induces cell death in the outer nuclear layer. The proportion of extracellular versus metabolic ATP in the P23H-3 retina remains to be determined.
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